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Computational Methods Inspired by Tsallis Statistics:
Monte Carlo and Molecular Dynamics Algorithms

I Introduction

Ten years ago, Tsallis published his seminal work
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Tsallis’s generalization of statistical mechanics is summarized. A modification of this formalism
which employs a normalized expression of the ¢-expectation value for the computation of equilibrium
averages is reviewed for the cases of pure Tsallis statistics and Maxwell-Tsallis statistics. Monte
Carlo and Molecular Dynamics algorithims which sample the Tsallis statistical distributions are
presented. These methods have been found to be effective in the computation of equilibrium averages
and isolation of low lying energy minima for low temperature atomic clusters, spin systems, and
biomolecules. A phase space coordinate transformation is proposed which connects the standard
Cartesian positions and momenta with a set of positions and momenta which depend on the potential
energy. It is shown that pure Tsallis statistical averages in this transformed phase space result in
the g-expectation averages of Maxwell-Tsallis statistics. Finally, an alternative novel derivation of
the Tsallis statistical distribution is presented. The derivation begins with the classical density
matrix, rather than the Gibbs entropy formula, but arrives at the standard distributions of Tsallis
statistics. The result suggests a new formulation of imaginary time path integrals which may lead
to an improvement in the simulation of eguilibrium quantum statistical averages.
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Boltzmann statistical mechanics [1]. His intriguing the-

ory began with a reexpression of the (iibbs-Shannon

entropy formula

on a possible generalization of the standard Gibbs-

where dI'

On the right of this expression, the identity Inz =

lim,, .o(2™ — 1)/n has been used to transform the log-
g
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= drNdp" is a phase space increment. was previously presented in the context of generalized

arithm and ¢ is a real number [1,2]. A similar result move was to do just that.

information entropies but had apparently not been ap-
plied to describe the physical world [3]. Tsallis's bold






